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APPARATUS FOR INSTALLING A LENGTH OF WIRE AND METHOD 

TECHNICAL FIELD 

The present invention relates to an apparatus for installing a length of wire, in 
particular a length of wire between two mechanical attachment points. 

5 BACKGROUND 

In the past, very small wires were always very difficult to install properly using an 
automated process. The main challenge is to adequately position the wire, attach 
it properly and then cut it at the right location. A further challenge is to keep the 
^ tension in the wire within an appropriate range, especially in the case of wires 

10 achieving a mechanical function. Examples of such wires are the ones used as 
micro actuator mechanisms. These micro actuator mechanisms are useful in 
many applications, such as in very small mechanical relays, sensors, flow 
controllers, valves, etc. Micro actuator mechanisms used in these applications 
typically use heat-shrinkable wires to achieve movement of internal mechanical 

15 structures performing various functions. An example of heat-shrinkable material is 
a Nickel-Titanium alloy. In the case of a relay application, the heat shrinkable wire 
is used to open and close contacts of the relay. This wire replaces conventional 
actuators, such as electro-magnetic actuators, electro-static actuators, bi-metallic 
actuators, etc. The advantage of this new material is that it enables significant 

20 size and cost reduction if an automated manufacturing process is available for 
mass production. The wire is attached to a mechanical structure that moves when 
the wire shrinks or expands back to its original size. This movement enables the 
closing and opening of the relay contacts. Such relays are opened or closed using 
a control voltage applied at both ends of the wire, thereby allowing a current to 

25 flow through the wire and heat it above its transition temperature. This property of 
the wire is what moves the electrical contacts in or out of engagement. These 
relays can have only a few millimeters in size. Consequently, large numbers of 
these relays can be provided on a single printed circuit board (PCB). A typical use 
for such hardware is for telecommunications. 
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The Nickel-Titanium alloy wire is a very difficult wire to handle. It is a very rigid 
and ductile wire that can not be bonded using traditional method like thermosonic, 
ultrasonic, weld, etc. Therefore, this wire needs to be mechanically attached using 
a mechanical attachment point hereby referred to as a "crimp". A further challenge 
5 is thus to be able to handle such difficult material when used in very small parts, 
especially when using very small lengths of wire with very small diameters. There 
is always a need for more compact designs that are less expensive, whether it is 
for a new relay or a micro pump to be used by the medical industry. In order to 
achieve this task, the manufacturing equipment need to be extremely precise and 
10 able to handle the wire very gently, so they do not alter its behavior, while being 
very fast to enable cost effectiveness. Such equipment did not exist. 

Considering this background, it clearly appears that there was a need to develop a 
new apparatus for installing a length of wire between two crimps, in particular an 
apparatus capable of handling a delicate wire made of a material difficult to 
15 handle. 

SUMMARY 

A first aspect of the present invention is to provide an apparatus for installing a 
length of wire in a crimp, the apparatus comprising: a wire output guide; a crimp 
punch tool located in front of the wire output guide; a first actuator operatively 
20 connected to the crimp punch tool; a wire cutter tool adjacent to the crimp punch 
tool; and a second actuator operatively connected to the wire cutter tool. 

A further aspect of the present invention is to provide a method of installing a wire 
in a crimp, the method comprising: positioning the wire coming out of a wire output 
guide into the crimp; punching the crimp to close it over the wire; and cutting the 
25 wire adjacent to the crimp. 

A further aspect of the present invention is to provide a method of installing a 
length of wire between a first and a second crimp, the method comprising: 
positioning an end of a continuous wire extending out of a wire output guide in the 
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first crimp; punching the first crimp to close it over the wire; moving the wire output 
guide away from the first crimp to pull some of the wire out of the wire output 
guide; positioning the wire in the second crimp; punching the second crimp to 
close it over the wire; and cutting the wire upstream of the second crimp. 

5 These and other aspects of the present invention are described in or apparent 
from the detailed description, which description is made in conjunction with the 
accompanying figures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a perspective view of the apparatus in accordance with a preferred 
10 embodiment of the present invention; 

FIG. 2 is a front view of the apparatus shown in FIG. 1 ; 

FIG. 3 is an upper view of three relays in which lengths of wire are installed using 
crimps, which crimps are part of the mechanical structure of the relays. 

FIG. 4 is a perspective view of a crimp in accordance with a first possible 
15 embodiment; 

FIG. 5 is a perspective view of a crimp in accordance with a second possible 
embodiment; 

FIG. 6 is an enlarged side view of the lower end of the apparatus shown in FIG. 1 ; 

FIG. 7 is an enlarged side view of the wire output guide and the punch stack 
20 assembly shown in FIG. 6; 

FIG. 8 is an enlarged side view of the wire gripper used in the apparatus shown in 
FIG. 1; 


FIG. 9 is a schematic view of a bypass valve and a flow regulator arrangement; 
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FIG. 10 is an exploded view of the punch stack assembly used in the apparatus 
shown in FIG. 1; 

FIGS. 11 to 14 show various steps of the wire installation method using the crimp 
of FIG. 4; and 

5 FIGS. 15 to 17 show various steps of the wire installation method using the crimp 
of FIG. 5. 

DETAILED DESCRIPTION 

The appended figures show an apparatus (10) for installing a wire (W) in 
accordance with the preferred embodiment. It should be understood that the 
10 present invention is not limited to this illustrated embodiment since various 
changes and modifications may be effected herein without departing from the 
scope of the appended claims. 

FIGS. 1 and 2 show that the apparatus (10) is preferably mounted on a high- 
precision 3D table (12) used to move it with three degrees of freedom, namely the 

15 X-Y-Z axes. The apparatus (10) and the 3D table (12) form a wire installation 
system. The 3D table (12) comprises motors to move a carriage on which the 
apparatus (10) is mounted. Flexible connection cables (14) allow the apparatus 
(10) to move within the operating space. An example of 3D table is the one sold 
by DCI automation, model number Galaxy 2050. Additional degrees of freedom 

20 can be provided if desired. For instance, the apparatus (10) may be able to rotate 
around a vertical axis if this is required for a more complex wire assembly. The 
apparatus (10) and the 3D table (12) are located in an enclosure with self-locking 
doors (not shown). It can also be located anywhere where it is out of reach of a 
supervising operator for safety reasons. 

25 A computer (16) is used to control the operation of the apparatus (10) and the 3D 
table (12). Most of the operations of the apparatus (10) itself involve the use of 
pressurize air coming from a pneumatic source (18). Other actuation mechanism 
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could be used to replace pressured air, for instance a cam system, hydraulic 
systems, etc. A pneumatic valve package (20), shown in FIG. 1, allows the 
computer (16) to remotely control pneumatic actuators provided on the apparatus 
(10). The computer (16), among other things, further allows the operating 
5 parameters to be easily changed whenever necessary, thereby allowing the 
apparatus (10) to be highly versatile. For instance, it allows to easily changing the 
length of the wire (W) and the pattern of the wire lengths. The same apparatus 
(10) can be used for many applications. 

The wire lengths installed by the apparatus (10) are preferably short sections of a 
10 continuous wire (W) coming from a wire spool (22) supplied by wire 
manufacturers. The spool (22) is mounted on the apparatus (10) using a spool 
holder (24). This spool holder (24) preferably comprises a horizontally-disposed 
spindle. Other arrangements are also possible. 

The apparatus (10) is used to install lengths of wire (W) between two crimps. The 
15 crimps may be mounted on a PCB or be part of a mechanical structure. An 

example of a mechanical structure (30) with crimps (40) is shown in FIG. 3. 

Examples of wire lengths (32) are shown. The mechanical structure (30) is 

maintained in place by an appropriate system during the wire installation process. 

FIGS. 1 and 2 show the retention system of the mechanical structure (30) being a 
20 table, for instance a standard vacuum table (34). Other mechanical retention 

systems are also possible. It should be noted that it is further possible that the 

apparatus (10) be fixed and that the retention system be movable. 

Although the wire primarily targeted with the present invention is a heat-shrinkable 
wire, for instance one made of a Nickel-Titanium alloy and used to manufacture 
25 diverse component such as small relays, it should be noted that other types of 
wires can be used with the apparatus (10). Furthermore, the wire lengths (32) can 
be installed almost anywhere. 

Referring back to FIGS. 1 and 2, an inspection system, comprising a camera (35), 
can be provided to allow an operator to see how the wire installation progresses. 
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The apparatus (10) of the preferred embodiment also comprises a visual 
positioning system using a camera (36) to locate reference points on the 
mechanical structure (30). This positioning system comprises a doal (37), which 
consists of an illumination system using internal LEDs and a splitting mirror. An 
5 aperture (38) on the doal (37) allows the camera (36) to see the reference points 
on the mechanical structure (30). The camera (36) is connected to the computer 
(16). 

Advantageously, a counter (39), for instance a LCD counter, is provided on the 
apparatus (10) to monitor the number of lengths of wire (W) being installed in 
10 order to perform required preventive maintenance. The counter (39) may 
otherwise be integrated within the computer (16). The advantage of having a 
separate counter (39) on the apparatus (10) itself is that it is not affected by a 
change of computer or in case of a lost of data resulting from a problem at the 
computer (16). 

15 Examples of crimps (40) are shown in FIGS. 4 and 5. Many other crimps models 
are possible. The wire (W) is installed and cut between the crimps (40) as 
required. One or more intermediary crimps (40) may be used, as with the 
mechanical structure (30) shown in FIG. 3. A crimp (40) is a base part (42) made 
of a relatively hard material. It has one or more flaps (44). In FIG. 4, the crimp 

20 (40) is designed so that both flaps (44) are initially spaced apart to allow the wire 
(W) to pass between them. The wire (W) will be retained under the two flaps (44). 
Two opposite holes (46) are centered with reference to the opening created by the 
flaps (44) so as to prevent the rim of the opening from severing the wire (W) when 
closing the crimp (40). In the case of the crimp (40) of FIG. 5, the ends of the two 

25 flaps (44) are closely spaced. The wire (W) initially rests on these ends. Punching 
the crimp (40) will bring the two flaps (44) downwards with the wire (W) being 
pressed between both ends. It should be noted that other kinds of crimps can be 
used as well, including crimps with only one flap. 
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FIG. 6 shows that the spool holder (24) is held by a bracket (26). (t also shows the 
wire tension mechanism (50) of the apparatus (10) in accordance with the 
preferred embodiment. This mechanism (50) is located between the spool holder 
(24) and a wire output guide (60). The mechanism (50) is very useful for 
5 increasing the speed of the apparatus (1 0) to an optimum level. 

The wire tension mechanism (50) is passive, meaning that the wire (W) is not 
forced through the wire output guide (60). On the contrary, when the apparatus 
(10) moves from one location to another, it will pull on the wire (W), which is 
crimped at the previous location. The wire tension mechanism (50) is rather used 
10 for two different functions. Firstly, it will dispense the length of wire (W) required 
for the next installation and secondly, it will ensure that when the apparatus (10) 
moves along its three axis at high speed, the wire (W) is not over stressed. The 
loose wire (W) will be pulled with a substantially constant tension for the complete 
dispensed length. 

15 FIG. 7 shows an enlarged view of the wire output guide (60) and the side of a 
section referred to as the punch stack assembly (100). The opposite side of the 
wire output guide (60) is shown in FIG. 8. The wire output guide (60), as its name 
indicates, is the location where the free end of the continuous wire (W) is located. 
It comprises an internal channel in which the wire (W) is inserted. This channel is 

20 preferably created by a groove etched on the edge of a first member. A second 
member, also etched, is then positioned over the edge of the first member, thereby 
creating the channel. ^ 

Although a wire (W) made of a Nickel-Titanium alloy is very fragile, it is 
nevertheless likely to damage the wire output guide (60) over time because the 
25 wire (W) is in sliding contact with it. The wire (W) is highly abrasive and small. It 
can thus cut through a relatively soft material. For this reason, the wire output 
guide (60) is preferably made of a highly resistant material such as carbide. Other 
similar materials can be used as well. 
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Referring back to FIG. 6, the wire (W) from the spool (22) is first directed to a first 
pulley (62) located at the end of a swing arm (64). The first pulley (62) is 
configured and disposed so that the combined weight of the first pulley (62) and its 
swing arm (64) applies a tension in the wire (W) on the spool (22). This works in 
5 combination with a spool brake (66), for instance one using an adjustable friction 
pad engaged on one of the sides of the spool (22). The tension generated by the 
spool brake (66) will typically be about 2/3 the maximum tension force the wire (W) 
can support. The tension generated by the first pulley (62) and its swing arm (64) 
is smaller than the spool brake (66) and much smaller than the typical maximum 
1 0 tension force that the wire (W) can support. - 

In use, the wire (W) is pulled through the wire output guide (60) when the 
apparatus (10) is moved with reference to the mechanical structure (30) with the 
free end of the wire (W) being held in a crimp (40). The difference in the tension 
from the spool brake (66) with reference to that of the first pulley (62) and its swing 

15 arm (64) causes these last ones to be moved up before the spool (22) is rotated, 
thereby ensuring a constant tension in the wire (W) during installation. The 
apparatus (10) of the preferred embodiment is designed so that the movement of 
the first pulley (62) and its swing arm (64) is enough to provide at least one length 
of wire (W). Then, usually between two lengths of wire (W) being installed, some 

20 wire (W) is pulled out of the spool (22) by pushing down on a side pin (68) located 
* on the side of the first pulley (62) using a dedicated actuator (70). The free end of 
the actuator (70) preferably comprises a pad (72) to soften the contact with the 
side pin (68). After its stroke, the pad (72) of the actuator (70) moves out of 
engagement with the side pin (68) so that the first pulley (62) and its swing arm 

25 (64) are free to move in an unrestrictive manner. 

As shown in FIGS. 6 and 8, the wire (W) is preferably sent from the first pulley (62) 
to a second pulley (74) and then a third pulley (76). The second pulley (74) and 
the third pulley (76) are preferably held at a fixed location. From the third pulley 
(76), the wire (W) is directed to the inlet of the wire output guide (60). A gripper 
30 (80) is located upstream of the wire output guide (60). The gripper (80) comprises 


9 


a horizontally disposed pneumatic actuator (82) having a movable free end (84) 
capable of squeezing the wire (W) on a seat (86) located immediately upstream of 
the wire output guide (60). Because the wire (W) may be very fragile, the actuator 
(82) of the gripper (80) preferably comprises a system for controlling the impact on 
5 the wire (W). This system preferably comprises a positioning sensor (88) located 
on the actuator (82). This positioning sensor (88) generates a signal indicative of 
the position of the free end of the actuator (82). Before entering the actuator (82), 
pressurized air first comes from a flow regulator (90), shown in FIG. 9, which 
lowers the speed of the pressure built up so that the movable part speed is 

10 controlled. Then, a bypass valve (92), also shown in FIG. 9, is opened when the 
free end of the movable part of the actuator (82) is close to the seat (86). Normal 
pressure is then quickly supplied to the actuator (82). This technique allows 
preventing the movable part of the actuator (82) from getting to much speed while 
still allowing the actuator (82) to operate at the normal pressure for retaining the 

15 wire (W). The free end (84) of the movable part, as well as the seat, which contact 
the wire (W), are preferably made of a highly resistant material such as carbide to 
prevent premature wear thereof. The flow regulator (90) and the bypass valve 
(92) can also be positioned at the exhaust of the actuator (82) and perform the 
same behavior. 

An air accumulator (94), shown in FIGS. 1 and 2, is provided on the apparatus 
(10) to increase the efficiency of the supply from the pneumatic source (18). This 
improves the overall speed compared to the case where all the air pressure needs 
to come directly from the air supply to build pressure. The air accumulator (94) 
recharges continuously but can reach the maximum capacity when enough time is 
provided, for instance when the apparatus (10) Js repositioned with reference to 
the mechanical structure (30). 

FIG. 10 shows the various parts of the punch stack assembly (100) used in the 
apparatus (10) of the preferred embodiment. These parts are tools used for 
positioning the wire (W), closing the crimp (40) and cutting the wire (W). They are 
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25 
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preferably designed as plates fitting one over the other. This provides a very 
compact and efficient design. 

The first plate is a first cover (102). It comprises a pair of elongated slots (104). 
The slots (104) are designed to receive the end of corresponding levers (106). 
5 Both levers (106) are connected to a bracket (108). The levers (106) and the 
brackets (108) allow operating a cutter tool (110) that is located next to the first 
cover (102). The cutter tool (110) is in sliding engagement with the first cover 
(102) and comprises the two slots (1 1 1) for tightly receiving the ends of the levers 
(106). The cutter tool (110) is vertically guided by a cutter plate (112). It 
10 comprises a cutting tip (114) made of a highly resistant material, such as carbide 
or the like. A spacer plate (116) is located on the opposite side. Like all other 
plates, it also comprises the pair of elongated slots (118) for allowing the end of 
the levers (1 06) to move freely in the vertical axis. 

The punch stack assembly (100) preferably comprises one or more wire retainer 
15 tools. The first wire retainer tool (120) is optional. It is referred to as the "short 
retainer tool". It has a bottom tip (122) designed to engage the top of the wire (W) 
and position it on one side of the crimp (40). This side is referred to as the 
"downstream side" with reference to the wire output guide (60). The first wire 
retainer tool (120) is connected to a corresponding retainer plate (124) by means 
20 of two flat springs (126). 

The next plate is the punch tool (130). The punch tool (130) has a punch tip (132) 
at the bottom. The punch tip (132) is designed to hit the top of the flaps (44) of the 
crimps (40) so as to bring them to their closed position. A second wire retainer 
tool (134) and a corresponding retainer plate (135) are located on the opposite 
25 side of the punch tool (130). The second wire retainer tool (134) is also connected 
to a pair of springs (136). It is designed with a longer tip (137) than that of the first 
wire retainer tool (120), if any is provided. The function of the second wire retainer 
tool (134) is to adequately position the wire (W) on the side where it is cut. This 
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side is referred to as the "upstream side". A second cover plate (138) completes 
the punch stack assembly (100). 

It should be noted that the exact location of the plates and tools might be different 
than that shown and described. For instance, depending on the desired functions, 
5 the retainer "short" and/or "long" can be positioned on either side. A retainer can 
also be used has a bending tool depending on its shape and length. Furthermore, 
it is possible to locate the cutter tool (110) outside the punch stack assembly 
(100). 

The punch stack assembly (100) is slidably mounted in the apparatus (10) by 
10 means of a sliding guide (139), as best shown in FIG. 6. It is moved vertically by 
means of a first pneumatic actuator (140). The operation of the punch stack 
assembly (100) is achieved in one stroke. Therefore, the positioning and crimping 
steps occur almost at the same time. The tips (122,137) of the first and the 
second wire retainer tools (120,134) are positioned so that they engage and 
15 position the wire (W) before the tip (132) of the punch plate tool (130) hits the 
crimp (40). They also retain the wire (W) during the punch. The springs (126,136) 
of the first and the second wire retainer tools (120,134) can compensate, if 
required, for the difference in height between them and the punch tool tip (132). 

Cutting the wire (W) is not required each time a crimp (40) is closed. For this 
20 reason, the cutter tool (110) is independently operated using a second pneumatic 
actuator (142), shown in FIG. 6. The second actuator (142) is preferably mounted 
on the side of the punch stack assembly (100) itself and thus moves with it upon 
operating the first actuator (140). 

FIGS. 11 to 14 show various steps of the wire installation process using the crimp 
25 (40) of FIG. 4. 

In FIG. 11, the wire (W) is being laid over the crimp (40). If the crimp (40) is the 
first one of a set, a small section of wire (W) initially protrudes from the wire output 
guide (60). This is either the result of a manual positioning when a new spool (22) 


is installed or, more likely, a section left after a previous installation. If it is another 
crimp (40) of a set, the free end of the wire (W) would now be connected to 
another crimp (40). Having the gripper (80) retracted and moving the apparatus 
(10) relative to the mechanical structure (30) then pulls additional wire (W) out of 
5 the wire output guide (60). Prior to move back to the crimp (40), the gripper (80) 
has to be activated to grip the wire (W) so that the wire (W) will not return back 
inside the wire output guide (60). Movement then continues until the punch stack 
assembly (100) is aligned with the crimp (40). Extra amount of wire (W) can be 
pull prior to activate the gripper (80) so that loose of wire (W) can be generated 
1 0 between two crimps (40). 

In FIG. 12, the punch stack assembly (100) is moved downwards by operating the 
first actuator (140). The second wire retainer tool (134), since it is longer, engages 
the wire (W) first. It brings it to the base (42) of the crimp (40), namely to the 
bottom of the crimp (40), as required by the design. 

15 In FIG. 13, the punch stack assembly (100) has moved to the bottom end of its 
stroke. At that point, the tip (132) of the punch plate tool (130) closed the flaps 
(44) of the crimp (40) over the wire (W). The first wire retainer tool (120) is 
provided to keep the corresponding side thereof at the bottom of the crimp (40). 

In FIG. 14, the wire (W) is being cut by the cutter tool (110). This occurs when the 
20 last crimp (40) of a set was closed. The apparatus (10) was repositioned with 
reference to the mechanical structure (30) immediately prior to the cutting. 
However, other designs may avoid this repositioning. Cutting occurs when the 
second actuator (142) is operated so as to bring the cutting tip (114) in 
engagement with the wire (W). The cutting is preferably achieved on the base 
25 (42) of the crimp (40) and while the wire (W) is gripped by the gripper (80). The 
advantage of ending the stroke in the base (42) of the crimp (40) is that it will stop 
the cutting tip (114) in its relatively softer material, thereby preventing rapid wear 
of the cutting tip (114). Advantageously, the second actuator (142) is operated 
twice or more to ensure that the wire (W) is effectively cut. 
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FIGS. 15 to 17 show various steps of the wire installation process using the crimp 
(40) of FIG. 5. The process is similar to that of FIGS. 1 1 to 14, with the exception 
that the wire (W) is not positioned at the bottom of the crimp (40). 

In FIG. 15, the two wire retainer tools (120,134) include a slot (150) at the bottom 
5 of which the wire (W) is retained. Their respective tips (122,137) are then allowed 
to contact the base (42), of the crimp (40). 

In FIG. 16, the punch stack assembly (100) has moved to the bottom end of its 
stroke. At that point, the tip (132) of the punch plate (130) closed the flaps (44) of 
the crimp (40), trapping the wire (W) in the gage of the crimp metal flaps (44). 

10 FIG. 17 shows the cutting tip (114) being in movement to cut the wire (W). 

As aforesaid, the apparatus (10) allows to install a length of wire (W) between two 
crimps (40) but a third crimp (40), and possibly more than one additional crimp, 
can be present between the two crimps (40) at the ends. In this case, the wire (W) 
would be installed in the intermediary crimp without being cut afterwards. The 
15 apparatus (10) would continue towards the final crimp (40) before the wire (W) is 
cut. 


